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REMARKS/ARGUMENTS 

I. Status of the claims 

Claims 1-5, 8, 10, 12-16, 21, 27, 21, 33-37, and 69-89 are pending. Claims 41-50 have 
been withdrawn from consideration as drawn to a non-elected invention. Claims 6, 7, 9, 11, 17- 
20, 22-26, 28-30, 32, 38-40, and 51-68 have been canceled herein and new claims 69-89 added 

II. The Amendments Herein 

No new matter has been added by the present amendments. 

Claims 1 and 27 have been amended to recite that the claimed polypeptides are 
isolated and have been amended to recite that the affinity for the antigen is relative to the affinity 
of the polypeptide for the same antigen. Claim 14 and the other claims that recite "Pseudomonas 
exotoxin 11 have been clarified to recite that the exotoxin referred to is Pseudomonas exotoxin A, 
as supported by, for example, page 37, lines 3-19, and to provide antecedence for the 
abbreviation ,r PE" used in the dependent claims. The claims that refer to PE have also been 
amended to delete the recitation "or a cytotoxic fragment thereof* since the term PE as defined in 
the specification includes truncated forms of the native protein. See, page 36, lines 26-3 1 . 
Claims 33, 38, and 64 have been amended to recite "immunoconjugate" rather than 
"immunotoxin." Immunoconj ugates are supported throughout the specification, including page 
31, line 22, to page 32, line 9. 

The new claims likewise do not add new matter. The new claims are drawn to 
antibodies that comprise the complementarity determining regions ("CDRs") as shown in Figure 
1 with specific mutations of CDR3 of the V H or Vl taught in the specification and, optionally, 
mutations in residues of CDRs 1 of 2 of the V H or V L encoded by codons which have a 
nucleotide in a hot spot motif. The CDR3 mutations are supported throughout the specification, 
including Figure 3. That CDRs other than CDR3 can be mutated in the same way as the CDR3s 
is supported throughout the specification, including page 23, lines 14-21 . The various 
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embodiments claimed (antibodies, chimeric molecules, methods of killing cells bearing 
mesothelin, etc.) track those in the claims as originally presented. 

The specification points out that light and heavy variable chains contain a 
framework region interrupted by the CDRs (see pages 12-13, bridging paragraph), and that the 
extent of the framework region and CDRs have been defined. Id. Hie specification also cites 
and incorporates the Kabat database, which aligns the CDRs of thousands of antibodies (the 
Kabat database is discussed at some length below in connection with one of the rejections), /</., 
and notes that the framework serves to position and align the CDRs in three dimensional space. 
The specification further states that the CDRs are primarily responsible for binding to an epitope 
of an antigen. Specification, at page 13, lines 9*10. 

Due to the heightened bar for introducing evidence following issuance of a final 
office action* Applicants wish to introduce the following evidence at this time. As pointed out in 
the Applicants* response dated January 12, 2005, at page 13, it was known in the art for more 
than a decade before the priority date that antigen specificity can be changed by substituting the 
CDRs of one antibody for another. For example, the complementarity determining regions 
(CDRs) of an antibody from a non-human animal, such as a mouse, can be grafted onto a human 
antibody framework of known three dimensional structure to provide antibodies that bind with 
the specificity of the non-human antibody (see, e.g., the Jones, et al. Nature 321 :522 (1 986) 
reference whose abstract was provided with the January 2005 response. In addition, see, WO 
87/02671; U.S. Patent Nos. 5,8S9,20S and 5,585,089; EP Patent Application 0173494; 
Verhoeyen, et al., Science 239:1534 (1988) (abstract enclosed), Riechmann, et al. Nature 
332:323 (1988) (abstract enclosed); and Winter & Milstein, Nature 349:293 (1991)). 

It has further been known in the art for years prior to the priority date that 
antibodies from mouse or other species can be "humanized 11 to reduce the immune response to 
the antibodies by replacing residues at various positions in the framework region with residues 
more commonly found at those positions in the framework region of human antibodies. See, 
e.g., U.S. Patent Nos. 6,180,377; 5,693,762; 5,585,089; and 5,530,101. All of the references 
cited above were available and known in the art and did not have to be taught in the present 
specification. The well established rule is that "the specification not need teach, and preferably 
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omits, that which is well known in the art," See, e.g., In re Buchner, 18 USPQ2nd 1331, 1332 
(Fed Cir. 1991). 

In short, it was known in the art before the priority date that the CDRs determine 
antigen specificity and that they can be moved from one framework region to another. It was 
further known that the framework region of antibodies of one species can be modified by, for 
example, "hmnanization" without losijng antigen specificity. The new claims are drawn to 
antimesotheltn antibodies that comprise the CDRs set forth in Figure 1, with specific 
substitutions set forth in Figure 3 and, optionally, like substitutions in the other CDRs. They are 
therefore supported by both the specification and by the knowledge common in the art as of the 
priority date. No new matter has been added. 

in. The Office Actioh 

Applicants note with appreciation that the current Action withdraws a number of 
grounds of rejection made in the previous Office Action. 

• The current Action rejects claims 1-40 and 51-66 on a variety of grounds. 
Applicants amend in part and traverse all the rejections. The rejections are discussed separately 
below in the order in which they appear in the Action. 

A. Objections for Informalities 

1 . Claim 7 is objected to for an unnecessary space in the word "substitutions." 
. Claim 7 has been canceled. 

2. Claim 63 is objected to as a substantial duplicate of claim 31, should that claim 
be found allowable. Claim 63 has been canceled. 

B. Rejection under 35 U.S.C. § 101 

Claims 1-6, 27, 28, 51-54, 60 and 61 are rejected under 35 U.S.C. § 101 as 
directed to non-statutory subject matter. According to the Action, the claims do not sufficiently 
distinguish the claimed polypeptides and other embodiments from those that might occur 
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naturally. The claims have been amended to recite "isolated" as helpfully suggested by the 
Examiner. 

C. Rejections under 35 U.S.C. § 112, second paragraph 

1. Rejection for lack of clarity as to binding affinity 

Claims 1-21, 27-29, 31-40 and 51-59 are rejected under 35 U.S.C § 1 12, second 
paragraph, as allegedly indefinite for reciting "having at least 5 times higher binding affinity." 
According to the Action, it is unclear to what the higher affinity is being compared. The Action 
states that it is unclear if the claimed polypeptides displace the parental antibody or if the 
parental antibody is bound to the same or a different epitope at the same time as the claimed 
polypeptides, and suggests the use of the phrase "relative to the affinity of the parental antibody." 
The claims have been amended to clarify that the measurement is relative to the affinity of the 
parental antibody for the same antigen. 

2. Rejection for lack of clarity as to whether cells contain antigen bound by 
the immunotoxin 

Claims 33-37 are rejected under §1 12 because the claims recite a method of 
killing cells bearing an antigen but do not specify that the antigen bound by the immunotoxin is 
the same as the one expressed on the target cells. The claims have been amended to recite that 
the antigen bound by the immunotoxin is present on the cells to be killed by the claimed 
methods. 

3. Rejection for phrase "a nucleic acid molecule." 

Claims 3 1, 32, and 63 are rejected for lack of appropriate basis for the phrase " a 
nucleic acid molecule." Claim 3 1 has been amended to provide appropriate basis, and claims 32 
and 63 have been canceled. 
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4. Rejection for recitation of antibodies by laboratory designations 

Claims 6, 9, 11, 17-20, 22-26, 28-30, 32, 35-40, 51-62 and 64-66 are rejected as 
indefinite for recitation of "SS antibody" and "antibody E4" as the sole means of identifying the 
antibody. According to the Action, the use of laboratory designations renders claims indefinite 
because different laboratories could use the same designations. The Action suggests that this 
rejection can be obviated by amending the claims to provide unique identifiers for the antibodies. 

The claims reciting thei antibodies called SSI and £4 have been canceled and 
rewritten as new claims 69-89. The new claims recite the amino acid substitutions in the CDRs 

i 

that differentiate the antibodies from the parental antibody, called "SS." 

5. Rejection for alleged inaccurate numbering of the SS antibody residues 

Claims 6, 7, 9, 1 1, 17-20, 22-26, 28-30, 32, 35-40, 54, 55, 61, 62, and 65 are 
rejected as indefinite because the claims recite amino acid substitutions at specific positions in 
antibody SS. This rejection has several parts, which for clarity are addressed individually. 

a. Allegation that the complete sequence of antibody SS is not shown 

The Action alleges that the claims do not define the complete sequence of the SS . 
antibody. Applicants respectfully note that the claims already did define the complete sequence, 
but this may not have been fully appreciated as will become clearer in the next section. The new 
claims recite the amino acid substitutions in the CDRs that differentiate the antibodies from the 
parental SS antibody. 

b. Allegation that the antibody represented by SEQ ID NO:l does not 
contain the specific amino acid residues at the positions recited in the claims 

The Action next states that the antibody represented by SEQ ID NO: 1 does not 
contain the specific amino acid residues at the positions recited in the claims. Action, at pages 7- 
8, bridging lines. It then notes that, if one counts sequentially from the amino terminus of the 
heavy and light chains, the residues do not seem to correspond to those identified in the claims 
by their position numbers. 
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Applicants respectfully note that the residues of antibodies are typically numbered 
according to one of two numbering systems which align the sequences so that the 
complementarity determining regions can be determined. The Kabat system has been used in the 
art for over thirty years and is the most widely used. For the Examiner's information, an article 
by the persons maintaining the Kabat database in the year 2000 and looking back over the first 
30 years of its use in the art is attached. See, Johnson and Wu, "Kabat Database and its 
applications: 30 years after the first variability plot," Nucleic Acids Res. 28(1):214-21 8 (2000), 
The present application uses the 1991 edition of the Kabat numbering system, which is 
incorporated by reference at page 13, lines 1-4 of the specification. Persons of skill would 
understand that the numbering is according to the Kabat system both by their knowledge of the 
art, the reference to the Kabat database in the Definitions section, ami even more specifically by 
the fact that the Kabat subgroup and family of each chain of the SS antibody is identified in the 
specification at page 23, lines 26-29. 

As noted, numbering under the Kabat system is meant to align the CDRs. Persons 
of skill are aware that, under the Kabat system, residues in the CDRs are frequently assigned the 
same number, but different letters (e.g., 27A-G) to maintain the alignments. Therefore, 
numbering under the Kabat system can and usually does differ from simply counting the residues 
from the amino terminus end. 

For example, in Schier et aL, J Mol Biol. 263:551-567 (1996), which is already in 
the record as one of the references cited by the Action against the application with respect to the 
obviousness and double patenting rejections, Table 2 on page 554 notes that the numbering is 
according to Kabat, and numbers the 11 residues of the Vl CDR3 sequentially from 89 through 
97, including a residue numbered 95, one numbered as residue 95a, and one numbered as 
residue 95b. Merely sequentially numbering the 1 1 residues, the residues would be numbered 
residues 89 to 99. Similarly, the text on the bottom left of the same page refers to residues 95 to 
97, 1 00a to 1 OOd, and 1 OOg to 1 02 being separately mutated. At page 556, Table 3 shows the 
effect of mutating various residues of the Vh CDR3 of antibody C6.5 to alanine. The residues 
listed include residues 100, 100a, 100b, 100c, lOOd, lOOg, 100h, lOOi, lOOj, 100k, and 1001. 
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Clearly, simply counting sequentially from the amino terminus of the Vl or of the 
Vh chains of antibody C6.5 would give different numbers to die residues than using the Kabat 
system. The same is true, though less dramatically, with respect to the SS antibody which is the 
subject of SEQ ID NO: 1 . While the above discussion is sufficient to explain the difference 
between the numbering underlying the rejection and that used in the application, for extra 
measure, the face page and two pages of U.S. Patent No. 6,875,433 are attached. The pages of 
the '433 patent provide more background information, in textual form, of the understanding in 
the art of the Kabat system's method of aligning sequences and of numbering residues. 

Since the Kabat system has been known and used in the art since 1970 (as noted 
in the Johnson and Wu publication, supra), persons in the art are well familiar with determining 
position numbers under the system. Nonetheless, to reduce any possible ambiguity, the claims 
reciting the various anti-mesothelin antibodies have been cancelled and rewritten as new claims 
which recite substitutions in residues that are numbered as shown in Figure 3. 

In short, the claims as presented were clear to persons of skill in the art, who had 
close to thirty years of familiarity with the Kabat numbering system prior to the priority date of 
the present application. For extra measure, the new claims recite that the residues are numbered 
as shown in a figure of the application. Accordingly, the claims as presented are not indefinite. 

c. Allegation that the laboratory designations of antibodies render the claims 

indefinite 

The Action further notes that the claims recite laboratory designations, S S 1 , D8 . 
and CI 0 in parentheses, and alleges that this renders the claim indefinite because different 
laboratories may use the same designation to define different molecules. Action, at page 8. 
Applicants amend in part and traverse. 

The claims that menticlned the names of the various antibodies in parentheses 
already also recited the particular mutations contained compared to the SS antibody. The claims 
in question have been canceled and rewritten to recite specific mutations. There is thus no 
possibility that the laboratory designations of the antibodies will cause confusion with 
designations of other antibodies. On the other hand, leaving the names of the antibodies in the 
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parentheses aids the reader. Figure 4, for example, refers to the antibodies by their laboratory 
designations. Retaining the terms in the parentheses therefore enhances the ability of the reader 
to readily compare the characteristics iof the claimed antibodies as set forth in the specification. 
Reconsideration and withdrawal of the rejection is respectfully requested. 



D. Rejection under 35 U.S.C. § 103(a) oyer Chowdhury in view of Wagner, 
Schier, and Pastan 

Claims 1-6, 8-21, 27, 28, 31-34, 36, 37, 51-54, 56-61, 63, 64, and 66 are rejected 
under 35 U.S.C. § 103(a) as obvious over Chowdhury et al., Proc Natl Acad Sci USA 95:669- 
674 (1998) ("Chowdhury") in view of Wagner et al., Nature 376:732 (1995) ("Wagner"), Pastan 
et al., U.S. Patent No. 6,083,502 ("Pastan," or the w, 502 patent"), and Schier et al., J Mol Biol 
263:551-567 (1996) ("Schier"). Action, at pages 8-13. The Action reiterates that Chowdhury 
teaches the high affinity anti-mesothelin antibody SS. It further reiterates that Wagner teaches 
that hot spot motifs are preferred targets for mutation and that most hot spots are associated with 
AGY serine codons. Action, at page 1 0. It further states that Scheir teaches the restriction of 
mutagenesis to the CDRs located in the middle of the binding site of an scFv that targets oerbB- 
2 produces scFv affinities in the low iianomolar range. The Pastan v 502 patent is stated to teach 
the mesothelin antigen and the Kl anybody and methods of using anti-mesothelin antibodies to 
target cytotoxics to mesothelin-expreising cells. 

Applicants have previously pointed out that the SS antibody taught by 
Chowdhury was stated to be a high affinity antibody which had been selected for by multiple 
rounds of phage display, that Wagnerts teaching regard the normal maturation of antibody 
affinity, and that Wagner contains no teaching or suggestion that antibodies which have been 
selected for high affinity through the artificial process of phage display can undergo further 
increases in affinity through mutations in CDR hotspots. Therefore, Applicants maintained that 
the person of skill would be likely to conclude that the antibodies selected by the phage display 
process, and displaying the affinity reported in Chowdhury had already undergone mutation at 
these hot spots and obtained whatever benefit was available from such mutations. Applicants 
further observed that Wagner contains no teaching or suggestion that the process of affinity 
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maturation it describes for natural antibodies would permit generation of antibodies with 5 times 
the affinity of a parental antibody, and therefore does not teach or suggest all of the recitations of 
the claims under examination. 

In the prior Action, these references were combined with Adams et aL, Cancer 
Research 58:485-490 (1998) ("Adams"). Applicants pointed out that Adams did not make up the 
deficiency in the Chowdhury and Wagner references, since Adams was only cited to indicate that 
higher affinity antibodies are generally desirable as targeting agents. Therefore, the Applicants 
maintained that the combination of references made by the Action did not teach or suggest the 
invention as claimed. 

The current Action tries to make up for the deficiency of the previous obviousness 
rejection by adding Schier, which teaches the improvement of an antibody known as C6.5. The 
Action argues that Schier teaches the restriction of mutagenesis to the CDRs located in the 
middle of the binding site of an scFv that targets c-erbB-2 produces scFv affinities in the low 
nanomolar range. 

The authors of Schier were themselves aware of the teachings of Wagner. The 
Schier authors in fact cite Wagner in discussing the observation that nucleotide substitutions in 
vivo occur at mutational hotspots, and in particular at serine residues encoded by AGY rather 
than TCN. See, Schier, at page 561, left column. They further mention that three serines in the 
sequence motif CSSNC in the V H CDR3 of the C6.5 antibody were encoded by AGY and were 
hotspots for substitutions which increased affinity. Id. And, the authors of Schier were also, of 
course, very familiar with their own work. But, after considering at some length both the 
Wagner teachings and their own finding in their Discussion section, the Schier authors set forth 
their conclusions on a "mutagenesis strategy for efficiently increasing antibody fragment 
affinity", page 562 at left column, bottom paragraph, - and it does not include focusing mutations 
on hot spot motifs. 

What the Schier authors indicate that Wagner and their own work leads to as a 
strategy is that " [mutagenesis should be directed into V L and Vh CDR3 sequentially, as in this 
work" that n [m]odeling should be used to identify CDR residues that are likely to have a 
structural role," as 1, [t]hese residues are conserved, leaving at most four to five residues to be 
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completely randomized." Id. With respect to the V H , they suggest randomizing four to five 
residues at a time. Id. Thus, despite their knowledge of their own findings, and their knowledge 
of Wagner, the Schier authors do not teach restricting mutations to the residues encoded by 
RGYW or AGY hot spots, but rather to randomizing at one time four or five residues in a CDR 
that are not identified as having a structural role. Indeed, the RGYW hot spot motif does not 
appear to be mentioned at all in Schier. 

Hie Examiner is respectfully reminded that the teachings of a prior art must be 
considered "as a whole." See, MPEP 2141 .02. Given the large increases in affinity achieved by 
the Schier authors, and the Schier authors' careful consideration and discussion of Wagner, 
persons of skill in the art taking the teachings of Wagner and Schier as a whole would have 
followed the teachings of Schier to achieve large increases in the affinity of antibodies. And, as 
shown above, those teachings do not rely on mutating only the residues encoded by nucleotides 
in hot spot motifs. Instead, Schier teaches identifying non-structural residues and thai mutating 
four to five of these non-structural residues at a time, sequentially first in the V L CDR3 and then 
intheV H CDR3. 

Looked at in another way, Schier showed a solution for the problem of creating 
large increases in affinity over a starting parental antibody, and did so with a detailed knowledge 
and careful consideration of the Wagrier reference. The Schier authors did not see their own 
results as suggesting that mutations should be directed to residues encoded by nucleotides in hot 
spot motifs. It would therefore seem apparent that the Action's conclusion that the combined 
teachings of Schier and Wagner suggest mutating only those residues is a hindsight recreation of 
the invention driven by a knowledge of the present disclosure. 

The conclusion that the work embodied in the present disclosure would have been 
obvious at die time the invention was made is further rebutted by the fact that sophisticated 
persons of skill in the ait at the time the invention was made did not consider it obvious, as 
shown by the fact that they considered it worthy of publication in one of the most prestigious and 
highest impact scientific journals. The work disclosed in the present specification was in fact 
published (following the priority date) in Nature Biotechnology. See, Chowdhury and Pas tan, 
Nature Biotechnology 17:568-572 (1999) (a copy of this publication is enclosed for the 
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Examiner's convenience). The editors of Nature Biotechnology can be considered both 
independent and knowledgeable in the state of the relevant art at the time of publication. If those 
editors had considered the present invention obvious in light of the teachings in the art at the 
time, it is unlikely they would accepted the paper for publication in their journal. It is 
understood that this is only a secondary consideration of non-obviousness and that journal 
editors do not make their selections based on the criteria of § 1 03 (a). Nonetheless, the 
publication in a major, high impact scientific journal reflects the contemporaneous judgment of 
unbiased persons of skill at the time that the work embodied in the publication was significant 
and worthy of wide dissemination in the scientific community. 

The Pas tan '502 patent is stated as teaching the mesothelin antigen and methods 
for targeting cells bearing mesothelin, and as teaching the Kl antibody and using anti-mesothelin 
antibodies to target cytotoxins to target cells. Therefore, nothing in the Pastan '502 patent help 
support the rejection's contention that it would have been obvious to target mutations of an 
antibody to CDR residues encoded by a hot spot motif That argument has to stand or fall on 
what would have been obvious in view of Wagner and Schier. As noted above, Wagner and 
Schier neither teach nor suggest the invention as claimed. 

Applicants respectfully request reconsideration and withdrawal of the rejection in 
view of the discussion above. 

£• Rejection for Obviousness-type double patenting over U.S. Patent No. 
6,809,184 in view of Chowdhury, Wagner, Schier, and Pastan 

Claims 1-7, 8-21, 51-54, 56-59 are rejected under the judicially created doctrine 
of obviousness-type double patenting over U.S. Patent No. 6,809,184 (the "184 patent") in view 
of Chowdhury, Wagner, the Pastan T 502 patent, and Schier. Action, at pages 14-17. Applicants 
traverse. According to the Action, the '1 84 patent sets forth the SS antibody, but doesn't teach 
mutating only CDR residues encoded by codons having nucleotides in hot spot motifs. The 
Action argues that the claims in the current application are obvious variants of the claims of the 
'184 patent because it would have been prima facie obvious to one of ordinary skill in the art to 
have only mutated CDR hot spots in the SS antibody. Applicants traverse the rejection. 
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The only element in the double patenting rejection not present in the obviousness 
rejection discussed in the preceding section is the addition of the '1 84 patent, which teaches the 
SS antibody already taught by the Chowdhury reference, which was the report in the scientific 
literature of the work embodied in the 1 184 patent. Thus, the contention that there is 
obviousness-type double patenting necessarily rests, as did the obviousness rejection, on the 
alleged obviousness of mutating only residues encoded by nucleotides in hot spot motifs in view 
of Wagner and Schier. This contention is false, as shown in the preceding section. For 
completeness of the response, the discussion below restates the reasons the Action's combination 
of Wagner and Schier does not render obvious the present invention. 

First, as noted in the preceding section, persons of skill at the time the invention 
was made did not consider it obvious; to the contrary, they considered it worthy of publication in 
one of the most prestigious and high impact scientific journals. The work disclosed in the 
present specification was published (after the priority date) in Nature Biotechnology. See, 
Chowdhury and Pastan, Nature Biotechnology 17:568-572 (1999) (copy enclosed). The editors 
of Nature Biotechnology can be considered both independent and knowledgeable in the state of 
the relevant ait at the time of publication. If those editors had considered the present invention 
obvious in light of the teachings in the art at the time, it is unlikely they would accepted the 
paper for publication in their journal. Thus, the contemporaneous judgment of unbiased persons 
of skill at the time reflects that they deemed the invention significant and worthy of wide 
dissemination in the scientific community. While editors of scientific journals do not make their 
decisions based on the criteria of §1 03(a), their judgment can be considered at least as a 
secondary consideration of non-obviousness which requires reconsideration and reweighting of 
the rejection. 

Second, the rejection relies on the same combination of Chowdhury, Wagner, 
Schier and the Pastan '502 patent discussed in the previous section. Applicants pointed out in a 
previous response that the SS antibody taught by Chowdhury was stated to be a high affinity 
antibody which had been selected for by multiple rounds of phage display, that Wagner's 
teaching regard the normal maturation of antibody affinity, and that Wagner contains no teaching 
or suggestion that antibodies which have been selected for high affinity through the artificial 
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process of phage display can undergo further increases in affinity through mutations in CDR 
hotspots. Therefore, Applicants maintained that the person of skill would be likely to conclude 
that the antibodies selected by the phage display process, and displaying the affinity reported in 
Chowdhury had already undergone mutation at these hot spots and obtained whatever benefit 
was available from such mutations. Applicants further observed that Wagner contains no 
teaching or suggestion that the process of affinity maturation it describes for natural antibodies 
would permit generation of antibodies with 5 times the affinity of a parental antibody, and 
therefore does not teach or suggest all of the recitations of the claims under examination. 

In the prior Action, these references were combined with Adams et al., Cancer 
Research 58:485-490 (1998) ("Adams"). Applicants pointed out that Adams did not make up the 
deficiency in the Chowdhury and Wagner references, since Adams was only cited to indicate that 
higher affinity antibodies are generally desirable as targeting agents. Therefore, the Applicants 
maintained that the combination of references made by the Action did not teach or suggest the 
invention as claimed. 

The current Action tries to make up for the deficiency of the previous obviousness 
rejection by adding Schier, which teaches the improvement of an antibody known as C6.5. Hie 
Action argues that Schier teaches die restriction of mutagenesis to the CDRs located in the 
middle of the binding site of an scFv that targets c-erbB-2 produces scFv affinities in the low 
nanomolar range. 

The authors of Schier were themselves aware of the teachings of Wagner. The 
Schier authors in fact cite Wagner in discussing the observation that nucleotide substitutions in 
vivo occur at mutational hotspots, and in particular at serine residues encoded by AGY rather 
than TCN. See, Schier, at page 561, left column. They further mention that three serines in the 
sequence motif CSSNC in the V H CDR3 of the C6.5 antibody were encoded by AGY and were 
hotspots for substitutions which increased affinity. Id. And, the authors of Schier were also, of 
course, very familiar with their own work. But, after considering at some length both the 
Wagner teachings and their own finding in their Discussion section, the Schier authors set forth 
their conclusions on a "mutagenesis strategy for efficiently increasing antibody fragment 
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affinity", page 562 at left column, bottom paragraph, - and it does not include focusing mutations 
on hot spot motifs. 

What the Schier authors indicate that Wagner and their own work leads to as a 
strategy is that "[mjutagenesis should be directed into Vl and V H CDR3 sequentially, as in this 
work" that "[m]odeling should be used to identify CDR residues that are likely to have a 
structural role, 1 * as "[t]hese residues are conserved, leaving at most four to five residues to be 
completely randomized." Id. With respect to the Vh, they suggest randomizing four to five 
residues at a time. Id, Thus, despite their knowledge of their own findings, and their knowledge 
of Wagner, the Schier authors do not teach restricting mutations to the residues encoded by 
RGYW or AGY hot spots, but rather to randomizing at one time four or five residues in a CDR 
that are not identified as having a structural role. Indeed, the RGYW hot spot motif does not 
appear to be mentioned at all in Schier. 

The Examiner is respectfully reminded that the teachings of a prior art must be 
considered "as a whole.* See, MPEP 2141 .02. Given the large increases in affinity achieved by 
the Schier authors, and the Schier authors' careful consideration and discussion of Wagner, 
persons of skill in the art taking the teachings of Wagner and Schier as a whole would have 
followed the teachings of Schier to achieve large increases in the affinity of antibodies. And, as 
shown above, those teachings do not rely on mutating only the residues encoded by nucleotides 
in hot spot motifs. Instead, Schier teaches identifying non-structural residues and then mutating 
four to five of these non-structural residues at a time, sequentially first in the Vl CDR3 and then 
intheV H CDR3, 

Looked at in another way, Schier showed a solution for the problem of creating 
large increases in affinity over a starting parental antibody, and did so with a detailed knowledge 
and careful consideration of the Wagner reference. The Schier authors did not see their own 
results as suggesting that mutations should be directed to residues encoded by nucleotides in hot 
spot motifs. It would therefore seem apparent that the Action's conclusion that the combined 
teachings of Schier and Wagner suggest mutating only those residues is a hindsight recreation of 
tihe invention driven by a knowledge of the present disclosure. 
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. Applicants respectfully request reconsideration and withdrawal of the rejection in 
view of the remarks herein. 

F. Rejection for Obviousness-type doable patenting over U.S. Patent No. 
6,083,502 in view of Chowdhury, Wagner, Setter, and Queen 

Claims 1-6, 8-21, 33, 34, 51-54, 56-59, 64, and 66 are rejected under the 
judicially created doctrine of obviousness-type double patenting over the Pastan '502 patent in 
view of Chowdhury, Wagner, Schier, and Queen, U.S. Patent No. 5,530,101 ("Quern"). Action, 
at pages 17-22.' Applicants traverse. 

This second obviousness-type double patenting rejection differs from the one 
discussed in the preceding section in two respects. First, the rejection adds the Queen patent, 
which is cited as teaching monoclonal antibodies which can be conjugated to various cytotoxic 
agents. Second, the rejection adds the Examiner's concern that the current application and the 
'502 patent were not commonly owned at the time the invention in this application was made and 
indicates that the assignee can show, undo- 37 CJ\R. § 1 .78(c), that the conflicting inventions 
were commonly owned at the time the invention was made. 

To address the common ownership concern first, Applicants note that § 1.78(c) 
addresses "an application or a patent under reexamination and at least one other application 
naming different inventors." The present rejection concerns an application and a patent that is 
not under reexamination, and, therefore, 37 C.F.R. §1.78 (c) is not applicable on it face to the 
present application. For the sake of good order, however, the undersigned counsel for the 
assignee states that the present application and the '502 patent have at all times been owned by 
the same assignee, the Government of the United States as represented by the Secretary of Health 
and Human Services. 

Turning bade to the substance of the is obviousness-type double patenting 
rejection, it rests, as does the double obviousness rejection discussed in the preceding section, on 
the alleged obviousness of mutating only residues encoded by nucleotides in hot spot motifs in 
view of Wagner and Schier. This contention is false, as shown in the preceding section. For 
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completeness of the response, the discussion below restates the reasons the Action's combination 
of Wagner and Schier does not render obvious the present invention.Before turning to the 

First, as noted in the preceding section, persons of skill at the time the invention 
was made did not consider it obvious; to the contrary, they considered it worthy of publication in 
one of the most prestigious and high impact scientific journals. The work disclosed in the 
present specification was published (after the priority date) in Nature Biotechnology. See, 
Chowdhury and Pastan, Nature Biotechnology 17:568-572 (1999) (copy enclosed). The editors 
of Nature Biotechnology can be considered both independent and knowledgeable in the state of 
the relevant art at the time of publication. If those editors had considered the present invention 
obvious in light of the teachings in the art at die time, it is unlikely they would accepted the 
paper for publication in their journal. .Thus, the contemporaneous judgment of unbiased persons 
of skill at the time reflects that they deemed the invention significant and worthy of wide 
dissemination in the scientific community. While editors of scientific journals do not make their 
decisions based on the criteria of § 103(a), their judgment can be considered at least as a 
secondary consideration of non-obviousness which requires reconsideration and reweighting of 
the rejection. 

Second, the rejection relies on the same combination of Chowdhury, Wagner, 
Schier and the Pastan r 502 patent discussed in the previous section. Applicants pointed out in a 
previous response that the SS antibody taught by Chowdhury was stated to be a high affinity 
antibody which had been selected for by multiple rounds of phage display, that Wagner's 
teaching regard the normal maturation of antibody affinity, and that Wagner contains no teaching 
or suggestion that antibodies which have been selected for high affinity through the artificial 
process of phage display can undergo further increases in affinity through mutations in CDR 
hotspots. Therefore, Applicants maintained that the person of skill would be likely to conclude 
that the antibodies selected by the phajge display process, and displaying the affinity reported in 
Chowdhury had already undergone mutation at these hot spots and obtained whatever benefit 
was available from such mutations. Applicants further observed that Wagner contains no 
teaching or suggestion that the process of affinity maturation it describes for natural antibodies 
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would permit generation of antibodies with 5 times the affinity of a parental antibody, and 
therefore does not teach or suggest all of the recitations of the claims under examination. 

In the prior Action, these references were combined with Adams et al., Cancer 
Research 58:485-490 (1998) ("Adams"). Applicants pointed out that Adams did not make up the 
deficiency in the Chowdhury and Wagner references, since Adams was only cited to indicate that 
higher affinity antibodies are generally desirable as targeting agents. Therefore, the Applicants 
maintained that the combination of references made by the Action did not teach or suggest the 
invention as claimed. 

Hie current Action tries to make up for the deficiency of the previous obviousness 
rejection by adding Schier, which teaches the improvement of an antibody known as C6.5. The 
Action argues that Schier teaches the Restriction of mutagenesis to the CDRs located in the 
middle of the binding site of an scFv that targets c-eibB-2 produces scFv affinities in the low 
nanomolar range. 

The authors of Schier were themselves aware of the teachings of Wagner. The 
Schier authors in fact cite Wagner in discussing the observation that nucleotide substitutions in 
vivo occur at mutational hotspots, and in particular at serine residues encoded by AGY rather 
than TCN. See, Schier, at page 561, left column. They further mention that three serines in the 
sequence motif CSSNC in the V H CDR3 of the C6.5 antibody were encoded by AGY and were 
hotspots for substitutions which increased affinity. Id. And, the authors of Schier were also, of 
course, very familiar with their own work. But, after considering at some length both the 
Wagner teachings and their own finding in their Discussion section, the Schier authors set forth 
their conclusions on a "mutagenesis strategy for efficiently increasing antibody fragment 
affinity", page 562 at left column, bottom paragraph, - and it does not include focusing mutations 
on hot spot motifs. 

What the Schier authoits indicate that Wagner and their own work leads to as a 
strategy is that "[m]utagenesis should be directed into V L and V H CDR3 sequentially, as in this 
work" that "[m]odeling should be used to identify CDR residues that are likely to have a 
structural role," as n [t]hese residues are conserved, leaving at most four to five residues to be 
completely randomized" Id. With respect to the V H , they suggest randomizing four to five 
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residues at a time. Id. Thus, despite their knowledge of their own findings, and their knowledge 
of Wagner, the Schier authors do not teach restricting mutations to the residues encoded by 
RGYW or AGY hot spots, but rather to randomizing at one time four or five residues in a CDR 
that are not identified as having a structural role. Indeed, the RGYW hot spot motif does not 
appear to be mentioned at all in Schier. 

The Examiner is respectfully reminded that the teachings of a prior art must be 
considered "as a whole." See, MPEP 2141.02. Given die large increases in affinity achieved by 
die Schier authors, and the Schier authors' careful consideration and discussion of Wagner, 
persons of skill in the art taking the teachings of Wagner and Schier as a whole would have 
followed die teachings of Schier to achieve large increases in the affinity of antibodies. And, as 
shown above, those teachings do not rely on mutating only the residues encoded by nucleotides 
in hot spot motifs. Instead, Schier teaches identifying non-structural residues and then mutating 
four to five of these non-structural residues at a time, sequentially first in the V L CDR3 and then 
intheV H CDR3. 

Looked at in another way, Schier showed a solution for the problem of creating 
large increases in affinity over a starting parental antibody, and did so with a detailed knowledge 
and careful consideration of the Wagner reference. The Schier authors did not see their own 
results as suggesting that mutations should be directed to residues encoded by nucleotides in hot 
spot motifs. It would therefore seem apparent that the Action's conclusion that the combined 
teachings of Schier and Wagner suggest mutating only those residues is a hindsight recreation of 
the invention driven by a knowledge of the present disclosure. 

Applicants respectfully request reconsideration and withdrawal of the rejection in 
view of the remarks herein. 

IV. Supplemental IDS 

A supplemental information disclosure statement (IDS) is being filed under 
separate cover. The Examiner is respectfully requested to consider the references set forth in the 
Supplemental IDS. 
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CONCLUSION 

In view of the foregoing, Applicants believe all claims now pending in this 
Application are in condition for allowance. The issuance of a formal Notice of Allowance at an 
early date is respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of 
this application, please telephone the undersigned at 41 5-576-0200. 

Respectfully submitted, 




/PVT" 



l J. Hymi 
[eg. No. 35,551 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, Eighth Floor 

San Francisco, California 94111-3834 

Tel: 415-576-0200 

Fax: 415-576-0300 

Attachments 
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60556291 v1 
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ABSTRACT 

The Kabat Database was initially started in 1970 to 
determine the combining site of antibodies based on 
the available amino acid sequences at that time 
Bence Jones proteins, mostly from human, were' 
aligned, using the now-known Kabat numbering 
system, and a quantitative measure, variability was 
Sl°^ la ^S r ev j H IP° s,tion - T""* peaks, at positions 
24-44, 50-56 and 89-97* were Identified and proposed 
£J*T *"«> complementarity determining regions 
(CDR) of light chains. Subsequently, antibody heavy 
chain amino acid sequences were also aligned using 
L n " mberln 9 system, since the locations of 

S !?V V, 0,9 1 ' ,9ht Chams ' CDRL1 8ta "s riflM 

MPiU u - i? Vari f "* CjfS 23 of "S"* cha,n ». wh»e 
cdrhi is eight amino acid residues away from the 

first Invariant Cya 22 of heavy chains. During the past 

* h8 K *" 1 ******* h « a«>wn to Include 
nucleotide sequences, sequences of T cell receptors 

£ F uA 9enS 7°^ maJor "^compatibility complex 
(MHC) class I and II molecules and other proteins of 
immunological interest. H has been used extensively 
by irrimunologlsts to derive useful structural and 
functional information from the primary sequences 
of these proteins. An overall view of the Kabat Database 
a £? l ? s K ™? 0 "f applications are summarized here. 
The Kabat Database is freely available at http^/immuno. 
ome.nwu.edu 



INTRODUCTION 

The purpose of maintaining the Kabat Database of aliened 
. prD l einS ° f immunological interest, in our 
r to P rovidfi ."ferul correlations between structure and 
Amotion for this special group of proteins from their nucleotide 
and amino acid sequences to their tertiary structures (1). These 
sequences are thus aligned with the ultimate aim of 'under- 
going how these proteins are folded and bow they can 
perform their biological functions. We include only codine 
^sequences mat have been published. In soinecas^ only the 
anunoacHi sequences were published, while the correspor^™ 
nucleotide sequences were deposited in GenBank. Allstored 



sequences were then printed out and checked visually against 
avadable publrshed sequences. We routinely surCey™ 
posablenew sequences in journals in our libraries, Medline 
entnes, cross-references from other papers, and author notification 
^ Wev "' we mav miss some sequences. GenBank, on the 
other hand, contains a substantial number of unpublished 
sequences. If there are doubts about these sequence? oTE 
annotat»ns, please refer to the original paplT^e Kab a t 
SyStc ™. < sc * Introduction of 2) for antibody 
light and heavy chains, for TCR alpha and beta chains, etc go 

CDRs are the theoretically derived positions which can be 
verified experunentaUy. Indeed, from the fct anngen-irSc£ 

andMHC das I molecule (4,5* it has been n^matanSEm 
ofanuno acid sequences and variability calculations canbeof 
utmost importance in understanding how these important 
ma^oleculesfunction biologically. Due to the rapid devel- 

» ? ™t h ^? C "? d pr0 L teiD Sneering methods, mouse 
and m antibodies have been humanized to freat human 
cancers, viral infections, etc (6). CDRs of selected rodent anti- 
body are cut out and glued onto human antibody frameworks 
to minimize rejection by human patients 

Our predicted CDRs are slightly different from Chothia's A 
careful ccmipanson can be found from a hyperlink on our 

and properly align the sequences so that they^an be usedbyS 
H thi5 £ eld 08 P° ssible ' We have previous* 
S5 ST S^L°^ f^"" 58 (see Auction 
Cu^!^ '^?l l&h ed,tIOn < 2 > consisted ^ three volumes. 
Currently, the database is more than five times as lanre As of 

S T^£ 9 ; 19 " • * e ****** contained 1S9377 
and 2 517 756 nt for antibody light and heavy^Sm variawj 

£ 88 to 272 244 and 418 962 nt 

m 1991. Total numbers of entries, amino acids and bases of 
other categories of sequences can be obtained by using the 
Current Counts' hyperlink on our website. The collection ta 
available on our website (hnp7Avwwammuno.bmejiwu.edu1 

L^tSi 6 ?° ^JS*™ 8 by various resemh 

grants from NIH since 1 970. 

Finally, numerous scientific papers have cited our database 
quoting our fourth edition (7), fifth edition (2), or one ofour 
more recent papers (8). On our part, we have been analy^ 
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the Kabat Database during the past few years with reference to 
the total numbers of antibody and TCR V-genes, possible 
evolutionary selection processes, importance of antibody 
CDRH3s as related to their fine specificities, etc. 

KABAT DATABASE 

The Kabat Database may be accessed for searching, sequence 
retrieval and analysis by a few different methods: electronic 
mail, WWW and ftp. The electronic mail interface has been 
available since 1993, the WWW interface since 1995 and 
various formats of the database in electronic format for nearly 
a decade (8). Our data formats, searching tools, output formats 
and database structures have gradually been adopted by other 
immunological databases and interfaces. 

Electronic mail interface 

An electronic mail interface (seqhunt2@immuno.bmc.nwu.edu ) 
provides a non-interactive method for searching and sequence 
retrieval (9). Sending mail to the server address with the single 
word 'help* (no quotes) in the message body returns instructions 
for using the server. 

All sequences classes are searchable and returnable. The 
query format allows making AND/OR/NOT constructed 
restrictions on the database and amino acid and nucleotide 
sequence pattern matching with allowable differences. 
Requests are processed as they are received and depending on 
the network traffic, take -1-2 nun to be searched and returned 
to the sender. The returned format is a fixed-line length record 
of 80 or fewer characters per line for ease in visual inspection 
and processing by user- written scripts or programs. The characters 
are plain text 

The query format for the sent request consists of two parts. 
The first part contains directives for the server to follow while 
the second part contains specifications of the search. Specification 
of the extent of data returned, the number of documents to 
return, starting document and whether plain ASCII text or 
PostScript should be used in die return format may be entered. 
Further, one can direct the server to return a distribution, the 
variability or unaligned raw data for the search specified 

The second part of the query contains the search restrictions 
on the database. Words separated by AND and OR may be 
used, as well as searching functions, like nucleotide/amino 
acid pattern matching and positional restriction mfltntiftig 

There are basically three steps in translating and performing 
a search on the Kabat Database:' generate the question or query, 
translate it into a format the server can recognize and decide on 
the output options desired of the returned matches. For 
example, if matches of mouse kappa light chains of anti- 
phosphorylcholine antibodies are desired, the query and 
restriction on the database would be: 
Begin 

@mouse and kappa and phosphorylcholine 
The *(§)' before mouse tells the server that matches of the 
species mouse are desired, rather than searching through the 
entire database record for instances of the word 'mouse'. More 
complicated restrictions can be generated using parentheses for 
grouping and the minus sign for NOT. Finding all rat and 
rabbit sequences which are not kappa light chains, and 
returning diem as amino acid sequences in PostScript format 
would be constructed as: 
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PSAA 
Begin 

(rat and rabbit) and -kappa 

Pattern matching is interpreted as the second part of an AND 
statement, such that finding ail rat and rabbit sequences which 
are not kappa and contain the nucleotide pattern cagtaegtcag 
with three allowable mismatches, would be sent as: 
Begin 

(rat and rabbit) and -kappa [ implicit AND ] 

#NM3 

cagtaegtcag 

More examples of searching and output options may be found 
in die 'help 1 file returned from the server. 

WWW interface 

The WWW interface (8) to the Kabat Database: http://immuoo. 
bme.nwu.edu contains searching and analysis tools as well as 
links to database download sites and other interesting databases. 
Most of the features found in the electronic maj] interface are 
found in the WWW interface, as well as other tools. The 
WWW interface is more interactive than the Email and returns 
results fester, depending on the network traffic. 

Searching and analysis tools 

SeqhuntIL This grouping of programs allows searches through 
the annotations and sequence pattern matching of the amino 
acid and nucleotide sequence data with allowable mismatches. 
Like the Email server, restrictions on the database may be 
formulated as AND/OR/NOT constructs. Output extent, output 
format, maximum documents and starting document may be 
specified Browsing of the output results in HTML format 
allows the user to view the database entries in an easy-to-read 
format. ASCII text may be selected as output for use in user- 
generated scripts and programs. PostScript generation allows 
for printing on a PostScript supporting printer. Sequence 
matching is returned aligned with the target sequence with 
nucleotide or amino acid differences from the database 
sequence displayed in a case change. Since the database 
contains only coding regions of genes and proteins, the query 
sequence should be a portion of the coding region being sought 

Variability. Variability and amino acid distributions of 
sequence groups may be generated for restrictions on the data* 
base. The variability plots are in PostScript format and may 
either be viewed on the screen with an appropriate PostScript 
viewer (e.g. GNU ghostscript or ghostview) or printed to a 
postscript-supporting printer. Plots for human and mouse TCR 
gamma and delta chain variable regions are shown in Figure 1 . 
Scaling of die variability plots may be done allowing comparison 
of variability plots for different groupings of sequences. 
Distributions of the amino acids per position may be returned 
also, mcluding the calculated variability for each position. 

Sequence alignment. Alignment of user-entered coding regions 
of immunoglobulin light chains according to the Kabat 
numbering system can be performed. Because of the relatively 
few alignment options available for light chains, most 
sequences can be aligned. One can start with around 10 amino 
acid residues or 30 nt There is no lower limit on die length of 
sequence to be notched, hi some cases though, visual inspection 
and ali gnme nt is necessary, as is for heavy chain alignment, 
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Figure 1. Variability plots for human and mouse TCR gamma and delta chain variable regions, using 377 human gamma, 1260 human delta, 297 mouse gamma 
and 461 mouse delta partial and complete sequences. 



especially within the CDRH3 region, if additional codbns or 
residues are inserted and denoted by '#*. If a suitable alignment 
counterpart from the database is not found for the target 
sequence, the user can contact us. 

FTP. Various formats of the database are available for down- 
load from NCBIV repository under the directory 'kabat*. 
Currently active formats include a FASTA-like rawi sequence 
format and the database's fixed length format of 80 or fewer 



characters per line and vertical alignment. Four main variations 
on the fixed length format exist to properly visually display 
single translations, pseudogene translations, J-minigenes and 
D-rninigenes. Other immunological databases have adopted 
similar formats as exemplified by the three letter code amino 
acid translation followed by single letter code. A 'dump' 
version of the database is periodically updated which contains 
unlimited line length records more suitable for mass 
processing on unix-based systems. 
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Figure 2. Length distributions of CDR3s of human and mouse TCR gamma and delta chains, based on 1 35 human gamma, 546 human delta, 37 mouse gamma and 
66 moose delta complete CDR3 sequences. 



OTHER APPLICATIONS 

As mentioned before, the Kabat Database was initially 
constructed fox die purpose of identifying the antibody 
combining site (1). Starting from aligned amino acid sequences 
and using variability calculations, we have identified CDRs of 
antibody light and heavy chains, as well as those of TCRs. 
Such calculations can also provide useful predictions for MHC 
class I and II sequences (8), and to other aligned proteins 
sequences, e.g. HIV gpl20, gp41, etc. 

The importance of CDRH3 to confer fine specificity to anti- 
bodies was realized a few years ago (10). Furthermore, the 
unique CDRH3 nucleotide sequences have recently 1 been used 
as a sensitive diagnostic test to detect residue B cell malignancies 
in cancer patients. Thus, many of these sequences have been 
determined. But most of them have been excluded from 
GenBank due to their relative short lengths. We have been 
meticulously collecting them, and realized the importance of 
their length distributions in antibodies of various specificities 
(1 1), and possible differences between CDRH3s of human and 
mouse (1 2). In the case of rabbit, the CDRH3s have less length 
variation than human and mouse . This may be compens ated by 
the length variations of the CDRL3s (13). 



The length variations of TCR alpha and beta chain CDR3s 
are very restricted (14). On the other hand, TCR gamma and 
delta chain CDR3s have more length variation, close to those 
of antibody heavy chains (Fig. 2). Whether they bind antigens 
directly is unclear. 

During recent years, various research groups have decided to 
sequence the entire coding region of different antibody and 
TCR V-gcnes, in order to have an idea of their total numbers. On 
the other hand, we have discovered that pair-wise comparisons of 
V-gene nucleotide sequences in the Kabat Database provide 
very accurate estimations of their total numbers (15,16). In 
addition, such comparisons seem to suggest that antibody and 
TCR V-genes have evolved under different selective pressures 
(17). In the case of MHC class I sequences, comparison of their 
aligned sequences has elucidated a new mechanism of generating 
novel MHC class I molecules by random assortment of their al 
and a2 gene segments (18). 

DISCUSSION 

The Kabat Database has been around for 30 years. It has 
provided the immunology community a useful service, since it 
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not only is a sequence database but also incorporates vital 
aspects of the biology of the immune system. Various analytical 
methods have been developed to study the structure and function 
relations of proteins of immunological interest. 
Electronic addresses: 
http://immuno.bmejiwu.edu 
seqhunt2@iinmuno.bme.nwu.edu 
Citing the Kabat Database: 

Authors using this database may cite this paper together with 
the electronic addresses. 
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ABSTRACT 



In this application are described Ebola GP monocle* al 
antibodies, cpiLopcs recognized by ihese monoclonal 
antibodies, and the sequences of the variable regions of 
some of these antibodies. Also provided are rnixtures of 
antibodies of the present invention, as well as methods of 
using individual antibodies or mixtures thereof for the 
detection, prevention, and/or (herapeutical treatment of 
Ebola virus infectiocts in vitro and in vivo. 

6 Claims, 2 Drawing Sheets 
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Val (SEQ ID NO:9). The epitopes or peptides recognized by 
tbo antibodies of the present invention and conservative 
substitutions of these peptides which are still recognized by 
the antibody are an embodiment of the present invention. 
These peptides offer a convenient method for c luting OP 
bound to MAb 6D8, 13F6, or 12B5 on immuno affinity 
columns. For example, when an antibody which recognizes 
the epitope for MAb 6D8, 13F6 or 12B5 is used in an 
immunoaffiniiy column to purify Ebola OP, 'the peptide 
recognized by the antibody can be added to the immunoaf- 
fioity column to ehite ibe Ebola OP* Further truncation of 
these epitopes may be possible, as would be understood by 
someone having ordinary skin in this art having ibis disclo- 
sure in hand. 



8 



10 



binds, (iii) narrowing the region containing sites further by 
reacting the monoclonal with smaller overlapping fragments 
encompassing the region identified in (ii), and (iv) choosing 
peptides to which the antibody binds as possible antigenic 
epitopes. The peptides can then be assayed for their ability 
to protect an animal from disease, or to reduce the severity 
of disease. Peptides defining antigenic protective epitopes 
can be used in a vaccine as described below and in the 
Examples. 

The epitopes or peptides on Ebola OP to which the 
monoclonal antibodies bind can constitute all or part of an 
active vaccine. An active vaccine or therapeutic candidate 
might comprise these peptido sequences and others. These 
may be delivered as synthetic peptides, or as fusion proteins, 



Epitope mapping studies described in this application 15 alone or co-administered with cytokines and/or adjuvants or 



defined five competition groups of MAbs. Antibodies which 
compete with the monoclonal antibodies of the present 
invention for binding to GP are considered to recognize the 
epitopes of the antibodies and are considered equivalent to 
the antibodies of the present invention. The MAbs 13C6 and 20 
6D3 recognize conformational epitopes comprising discon- 
tinuous Ebola virus amino acids. Antibodies which compete 
with MAbs 13C6 and 6D3 for binding to Ebola OP are 
considered to recognize discontinuous epitopes and are 
considered equivalent to the antibodies of the present inven- 25 
tion. Assays for determining whether or not an antibody 
competes with an antibody of the present invention are 
known to a person with ordinary skill in the art and are 
described below. Table 2 below defines functional criteria of 



carriers safe for human use, e.g. aluminum hydroxide, to 
increase immunogenic! ty. In addition, sequences such as 
ubrquilin can be added to increase antigen processing for 
more effective immune responses. 

Antibody molecules produced in vivo comprise two iden- 
tical heavy chains that are covalcntly bound and two iden- 
tical light chains, each of which is covalcntly bound to a 
heavy chain. Heavy and light chains each have one variable 
region and three constant regions. Within the variable 
regions of light and heavy chains are hypervariable 
sequences called complementarity -determining regions 
flanked by framework regions. The binding specificity of an 
antibody is conferred by its combination of 
conmlementarity-o^termining regions. There are three 



each of the monoclonal antibodies identified in the 30 cookie nientarity -determining regions on the light chain and 
Examples below. three on the heavy chain of an antibody molecule. Together, 



TABLE 2 



Boitopee Bound by Ebola OP HAbs. 

Competition Ebola Viruses Kbola OPe Epitope Sequence Amino 

Group . with Epitope* with Epitope 1 en Ebola GP* AcidaS 



1 


s 


GF1 


aZOyKQXIJUSDBDSTA 


401-417 


2 


s 


6P1 


HNTPVfiaJJJISBATQVE 


3B9-403 


3 . 


8 


GPl 


GKLCLimVft&SVACLX 


477-493 


4 


%, IC, s 


OT1, sGP 


di ocootinuoua 


1-295 


S 


S, IC 


GPl, aGP 


disc ontinuona 


1-395 



•Reactivities of MAba with Xbola Zaire (X, Isolates from 1976 and 1999), 
Sudan <S>, and Ivory Coast (IC) viruses in XL ISA. 

1 Determined by we atom blot reactivity with Ebola Zaire 1995 virion* or 
by lramnopr a clplt at Ion (FXQ. 3). 

*MAbs bound two consecutive peptide eequenreB Lmnobilised cm SPOTS ms>- 
branaa. Each peptide was 13 amino acids long and had a 9 amino acid over- 
lap with the preceding and subsequent peptides. Sequences in bold indi- 
cate the 9 amino add overlapping consensus sequence found on both 
peptides bound by the MAba. Peptides containing the entire ami no acid 
eequance shown also c pupated the binding of HAba to Ebola virions In 
ELXSA. 

SAmlno acid n unbars based on the GP sequence f ran Genbank (accession num- 
ber U231B7, A, Benches, £. 0. ct al. (1996) Proo. Metl. Acad. Scl. P USA 
93, J€02). 



By further mapping of the binding site of the monoclonal 
antibodies described in- this disclosure other peptides useful 
as a vaccine or a therapeutic can be determined using known 
methodologies. Therefore, in another aspect, this invention 
relates to a method for identifying protective antigenic 
epitopes, which method comprises the steps of (i) reacting a 
monoclonal antibody described herein to different overlap- 
ping fragments encompassing the complete antigen, (ii) 
identifying a fragment to which the protective antibody 



gj these form the 3-dimensional cavity that will bind (hold) an 
epitope on an antigen. Although these regions are 
hypervariable, a particular cc^nplcmeirtarity^tenmiiiing 
region on one antibody may also be found on antibodies witE 
different specificities, as it is the total combination of 
complementarity Hfetermining regions that is important. 

65 Generally, binding specificity is determined by the 
complementarity -determining regions on both chains, 
although it has been suggested that the compleme ntarily- 
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9 10 

determining regions on the heavy chain do not contribute to The DNA sequence of the variable regions of the light 
specificity when the light chain is produced by a gene called chain of Mab EGP 13C6-1-1 is represented in SEQ ID 
lambda x. Identification of the complementarity- NO:16, and the amino acid sequence is represented in SEQ 
determining regions is useful for changing tbc "speciauon" n> NO; 17. For the light chain, the CDRs were identified as 
of ao antibody, for example changing a mouse antibody to 5 located at the foltowing amino aad positions: 
a humanized form suitable for human use, because. one 24-34: having the amino acjd sequence- 
would want to preserve the complementaritynktenmning KASQNVGTAVA (SEQ ID NO: 18) 
regions so as not to eliminate tbc binding specificity. Using 50-56: hiving the amino acid sequence — SASNRYT 
the numbering system of Kabal el al, (NIH Publication No. (SEQ ID NO:19) and 

91-3242* 1991) in which the signal sequences of the heavy 10 89-97: having the amino acid sequence— QQYSSYPLT 

and light chains are indicated with negative numbers, the (SEQ ID NO: 20). 

complementarity-determining regions of the light chain are It is believed that all three CDRs arc necessary for effective 

between amino acids 24-34 (CDR1), 50-56 (CDR2) and binding of the Mab EOP13C6-1-1 to the epitopes of Ebola 

89—97 (95 a-f, CDR3). The complementarity-determining GP. The invention also contemplates monoclonal antibodies 

regions of the heavy chain are between amino acids 31-35 15 having sequences that are at least 90%, and preferably 95%, 

(35 a-b, CDR1), 50-65 (52 a-c, CDR2), and 05-102 (100 homologous to the heavy and/or light chain regions 

a-k, CDR3). Insertions of extra amino acids into the described here as SEQ ID NOill, SEQ ID NO: 12, SEQ ID 

complementarity-determining regions can be observed and NO: 16 and SEQ ID NO: 17, and which compete for binding 

their locations are represented above in parentheses, eg 95 Ebola GP. There can be a 5% variation normally in even the 

a-t Deletions arc also observed, for example in CDR3 of 20 more conserved framework regions, and someone having 

some types of heavy chains. ordinary skiU in this art using known techniques would be 

Throughout this description we refer to the CDRs in terms 1° determine without undue experimentation such 

of both the amino acid sequence and the location within the homologous, competing moaodooal antibodies. The mven- 

light or heavy chain. As someone having ordinary sJdH in lion also contemplates monoclonal antibodies that compete 

this art would understand, the -location" of the CDRs is * with EGP13C6-1-1 tor binding to Ebola GP, and which have 

conserved between species, but through the use the well ^ above-described CDRs in the appropriate positions as 

known Kabat system— *n arbitrary immbering; system that determined by the Kabat system in the light and/or heavy 

ahgps sequences. Therefore, according to the Kabat system, chains. . ... t % , . . . 

the first invariant amino acid of a given type of light chain Specificity ts conferred with both heavy aad light chains, 

might be used to define the CDR beginning al, for example, » and not usually with just the heavy or light chain atone; 

"position 24" even if there are not 23 preceding amino acids. therefore, it is preferred that when tins monoclonal antibody 

Therefore, for the purposes of the description of this inven- » to detccl m fl sample (as described below), or 

tion we are defining CDRs as according to the Kabat system to prevent or treat Ebola infection (as described below), both 

which is accepted in the art The Kabat system aligns the heavy and light chains arc present. 

Mab sequences of different species, for example mouse and 35 The DMA s^nce of the variable rc^nsof to tovy 

human/such thai all species have CDRs aligned at the same chain of Mab EGF6D8-1-2 is represented in SEQ ID NO:21, 

numbered "positions". Alignment of the sequences occurs and the amino acid sequence is represented is SEQ ID 

through the identification of invariant residues in either the NO:22. For the heavy chain, the CDRs were identified as 

CDR or the framework regions adjacent to the 1CDR. There located at the following ammo acid positions: 

are different forms of light and heavy chain variable regions <0 31-35: having the ammo aad sea^ncc—KYWMS (SEQ 

thai differ in tbc use and location of tbc invariant residues, ID NO:23) 

but Kabat et al. identify these. Using the nomenclature in the 50-65 finchides 52a): haying the ammo acid sequence— 

1 991 edition of Kabat et al, Mab EGP 6D8-1-2 uses a heavy EINPDSSTTNYTPSUCD (SEQ ID NO:24) 

chain variable region of the HID type, and a kappa light °5-102 (has onejefetjon): brag amino acid 

chain type U. Mab EOF 13C6-1-1 uses a heavy chain - «* sequence — QGYGYNY (SEQ ID NO:25) 

variable regioa of the miscellaneous type, and a kappa fight I» * believed that all three CDRs arc necessary for 

chain type V. Mab EGP 13F6-1-2 uses a heavy chain effective binding of the Mab EGP6D8-1-2 to the epitopes of 

variable region of the ITJD type, and a lambda x light chain. Ebola ^. . ^ ^ . 

TVkT* c .i ■ • r a- k„™ Hie DNA sequence of the variable regions of the light 

chat 0^^^ VZ£?3 » ^J. ^°^d SEQ SE ^ 

P N ° : ^£ r *? ^ ^i^w located at the followmg amino acid positions: 

located at the following ammo acidposiiions: 24-34, mc\^2fL: having thc^mno acid sequence 

31-35b (where, as noted above, T signifies the insertion JS p^ S( ^rvHSNGNTYLE (SEQ ID NO:28) 

of an extra amino acid) having the amino acid sequence 50-56: having the amino acid sequence KASNRFS (SEQ 

TSGVGVG with the last two amino acids representing ^ NO:2 o) ^ 

insertions at 35a and 35b (SEQ ID NO: 13), 89-W: having the amino acid sequence LQGSHVPST 

50-65: having the amino acid sequence LTWWD- (SEQ ID NO:30). 

DDKYYNPSLKS (SEQ ID NO: 14), and «j It is believed that all three CDRs are necessary for 

95-102 (includes residues at lOOc^hJ^c, where, as noted effective binding of the Mab EGP 6D8-1-2 to the epitopes of 

above, "c^nj^c" signifies the insertion of extra amino acids): Ebola GP. The invention also contemplates monoclonal 

having the amino acid sequence RDPFGYDNAMOY where antibodies having sequences thai are at least 90%, and 

DNAM are 100 c.hj.k, respectively (SEQ ID NO: 15). preferably 95%, homologous to the heavy and/or light chain 

It is believed that all three of these CDRs are necessary for 65 regions described here as SEQ ID NO:21, SEQ ID NO:22, 

effective binding of the Mab EGP 13C6-1-1 to the epitopes SEQ ID NO:26 and SEQ ID NO:27, and which compete for 

of Ebola GP. binding Ebola GP. As noted above, there can be a 5% 
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Reshaping human antibodies: grafting an antilysozyme activity. 
Verhoeyen M. Milstein C. Winter G . 

Medical Research Council Laboratory of Molecular Biology, Cambridge, 
England. 

The production of therapeutic human monoclonal antibodies by hybridoma 
technology has proved difficult, and this has prompted the "humanizing" of 
mouse monoclonal antibodies by recombinant DNA techniques. It was 
shown previously that the binding site for a small hapten could be grafted 
from the heavy-chain variable domain of a mouse antibody to that of a 
human myeloma protein by transplanting the hypervariable loops. It is now 
shown that a large binding site for a protein antigen (lysozyme) can also be 
transplanted from mouse to human heavy chain. The success of such 
constructions may be facilitated by an induced-fit mechanism. 

PMID: 2451287 [PubMed - indexed for MEDLINE] 
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Reshaping human antibodies for therapy. 

mechoiaMLL, Clark M, MdmaniLH, SHteJG- 
MRC Laboratory of Molecular Biology, Cambridge, UK. 

A human IgGl antibody has been reshaped for serotherapy in humans by 
introducing the six hypervariable regions from the heavy- and light-chain 
variable domains of a rat antibody directed against human lymphocytes- The 
reshaped human antibody is as effective as the rat antibody in complement 
and is more effective in cell-mediated lysis of human lymphocytes. 

PMID: 3127726 [PubMed - indexed for MEDLINE] 
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Improving antibody affinity by mimicking 
somatic hypermutation in vitro 

Partha S. Chowdhury and Ira Pastan* 

Laboratory of Molecular Biology, Division of Basic Sciences, National Cancer Institute, National Institutes of Health, Building 37 t Room 4B16, 

Bcthesaa MD 20892-4255, 'Corresponding author (e-mail: pasta9helix.nih.gov). 

Received 19 February 1999; accepted 22 April 1999 

In vtvo affinity maturation of anttxxHes tnvotvaa mutation of hot spots In the DMA encoding the vari- 
able regions. We have used this Information to develop a strategy to Improve antibody affinity In vitro 
using phage display technology. In our experiment with the antbneeotheln scFv, 88{acFv), we identified 
DNA sequences In the variable regions that are naturally prone to hypenmutatlons, selected a few hot 
spots encoolng noneonserved amino adds, and Introduced random mutations to make Dbrertee with a 
size requirement between 10* and 10* Independent donee. Panning of the hot spot libraries yielded sev- 
eral mutants with a 16- to 55-fold Increase In affinity oompared with a single clone with a fourfold 
Increased affinity from a Ibrary In which mutagenesis was done outside the hot spots. The etiology 
should be generally applicable for the rapid Isolation of hlgher^ffmlty mutants of Fva, Fobs, and other 
recombinant antibodies from antibody phage Ibrarlea that are emal In size. 

Keywords: phage display, ringle-chaia antibody, hot spots, affinity improvement 



Antibodies have been used with encouraging results in the treatment 
and diagnosis of cancer 1 "*. They can be used alone or as vehicles to 
deliver radionuclides and cytotoxic agents to cancer cells. However, 
the use of antibodies for the treatment and imaging of soEd tumors is 
mack difficult by their large size and skm tumor penetration 7 '. This 
has led to the devdopment of antibody fragments, especially scFvs» as 
substitutes for whole antibodies. Because of their small size, Fvs can 
penetrate rapidly into solid tumors 9 and have also been shown to have 
greater tumor specificity 10 compared with Fobs and IgGs. However, 
these advantages are offset by the loss of antigen binding affinity that 
occurs when IgGs are converted to scPvs 11 . Increasing affinity has been 
shown to improve selective tumor delivery of scPvs 11 and is likefy to 
increase their usefulness in tumor imaging and treatment. 

Improvements in affinity can be achieved in vitro by site-directed 
or random mutagenesis. Although antibody-antigen crystal struc- 
ture can indicate which residues should be mutated to improve bind- 
ing, atomic resolution structural data are not available for most anti- 
bodies. TTierefbre, several strategies based on phage display technol- 
ogy have been developed to select higher-affinity antibodies from 
libraries expressing mutated variants of Fabs and scFvs 13-22 . These 
approaches require the construction of huge and multiple libraries, 
which are often difficult to attain and may be expensive to produce 

We have sought to develop a strategy that would enable isolation 
of Fvs with increased affinity from a small library of variants. This 
approach is based on the tact that the DNA encoding the variable 
regions of antibodies contains mutational hot spots, which are 
nucleotide sequences where mutations are frequently concentrated 
during the in vivo affinity maturation process 15 ' 25 . Several different 
types of variable-region hot spots, such as direct and inverted 
repeats, palindromes, secondary structures, and certain consensus 
sequences, have been proposed 13 - 30 . Among these, the consensus hot 
spot sequences have been studied in greatest detail. One of these 
consensus sequences is a tetranocleotide A/G-G-C/T-A/T (Pu-G-Py- 
A/T). The other type is represented by the serine codons AGY, where 
YcanbeaCoraT 5 *". 

The single chain Fv (scFv) chosen for this study, termed SS(scFv), 
was selected from a phage display library based on its recognition of 



the mesothelin antigen, which is expressed on the surface of ovarian 
cancers, mesotheliomas, and several other human cancers 32 ^. 
SS(scFv)-PB38 is an irnrnunotoxin made by fusing SS(scPv) with a 
38 kDa truncated mutant of Pseudomonas exotoxin A called PE38. 
When injected into mice carrying mesomeun-posttfve human 
tumors, 5S(scFv)-P£38 causes regression of the tumors and is being 
developed tor treatment of human cancers. The affinity of SS<8cPv)- 
PE38 for mesothelin was found to be 1 1 nM (re£ 32). Improving the 
affinity of SS(scFv) is desirable to improve the cytotoxicity and anti- 
tumor activity of the immuno toxin. We report here on our studies in 
which we targeted random mutations to some of the selected hot 
spots ra complementarity-deterniirui^ region 3 (CDR3) of the light 
chain. Using this approach, we were able to isolate scPvs that had 15- 
to 35- fold increase in affinity from a small library of about 8,000 
independent dones. Immunotoxins made with tjiese high-affinity 
variants had more than a 10-fbld increase in cytotoxic activity. 

Results and discussion 

Construction of the libraries. Of the 32 hot spots in SS(scPv), 14 are 
located in the variable heavy (VH) and 18 in the variable Ught (VL) 
chains. We chose the CDR3s to begin mutagenesis because they are 
the major sites of interaction with the antigen. We chose VL CDR3 
over VH CDR3 because h undergoes fewer recombination events 
and is therefore closer to the germ line. In the CDR3 of VL there are 
two hot spots of the A/G-G-QT-A/T type and one AGT serine 
codon. We began our experiments by concentrating on the tetranu- 
cleotide hot spots in VL CDR3. We randomized all the nucleotides of 
the codons that form whole or part of the tetranudeotide motif 
unless there was a special reason not to do so (discussed below). 

The first phage library (Lib 89/93/94) involved randoinkations 
of codons that are part of two tetranudeotide hot spots, one encod- 
ing residues 89. and 90 and the other residues 93 and 94 in the VL. 
Because Gln90 is highly conserved in subgroup VI (re£ 34), Jo which 
SS VL belongs, we chose to leave it unchanged and randomized 
residues 89,93, and 94. A library m which tiireeamm^ 
domired should have 8 x 10 3 different protein variants, and in terms 
of all different nucleotide combinations (using NNS oligonu- 
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eight of these 39 clones had ELISA signals similar to the parental 
done (1.25-1.5). Hie remaining 11 dones had ELISA signals lower 
than the parental type. 

Pand 3 shows the mesothetin-binding activity of phage dones 
selected from Lib 92-94. like those from lib 89/93/94 all 46 dones 
tested bound mesothelin and could be categorized into the following 
four groups: (1) 31 gave very high ELISA signals (2.3-2.9); (2) eight 
dones had » high ELISA signal (1.8-2.2); (3) five dones gave ELISA 
signals similar to the parental type; and (4) two dones had ELISA 
signals lower than that of the parental type. 

Pand 4 shows the mesothetin-binding activity of dones selected 
after panning of Lib 95-97. All 46 dones tested were found to bind 
mesothelin and could be arranged into three groups based on ELISA 
signals: (1) 22 gave ELISA signals slightly better than the parental 
type; (2) 20 dones had EUSA signals similar to the wild type; and (3) 
four clones had EUSA signals below the parental type. 

T«>ie1.Enricrimefrtof me*o^ 



deotides where N=A,G»C orT and S=G or C)> the complete reper- 
toire would contain 3 x Itr 1 different dones. Hie library we made 
contained 6 x 1 0* clones and is expected to cover virtually all the pos- 
sibilities: 

After panning and analyzing Lib 89/93/94 we found that Gln89 
was conserved in all the binders, but substitutions were tolerated at 
positions 93 and 94. Using this information, we constructed a sec- 
ond library* Lib 92-94, in which the AGT codon (another type of hot 
spot) for Ser92 was mutated along with the eodons for Gly93 and 
Tyr94. The size of this library was 1 x 10 s . 

As controls for our experiments we made two libraries (lib 89-9 1 
and lib 95-97). Lib 89-91 was made to examine the effect of ran- 
domizing conserved residues within a hot spot and Lib 95-97 was 
made to study effects of randomizing residues outside the hot spots. 
In these libraries, three eodons were randomized to allow compari- 
son with the other two libraries, in which three eodons located in 
rationally sdected hot spots were randomized The size of each of 
these libraries was also 1 x 10>. 

taming of the libraries and enrichment of binders. The libraries 
were panned on iinmobilized recombinant mesothelin. Th|e results 
of the panning experiments are shown in Table 1 . We know that with 
on input of 2-6 X10 11 phage the background is usually around 5-6 X 
10*. For Lib 89/93/94 and lib 92-94 we obtained 2 x 10 s phage from 
the first panning. This represents an enrichment of about threefold 
of phages that bind mesothdin. At the second round there was a 
large increase in enrichment, which was 150- and 130-fold, for the 
two libraries, respectively. The enrichment after the third round of 
panning for these libraries was about fivefold The overall enrich- 
ment was about 2,000-fold. In contrast, mere was no enrichment for 
the control libraries after the first round of panning, but thereafter 
there was a gradual increase in enrichment (10-fold after second 
panning and 200-fold after the third). The overall enrichment for 
both the control libraries was also about 2,000-fold Although the 
overall enrichment for all the libraries was similar, the pattern of 
enrichment was strikingly different. The early and rapid enrichment 
of two libraries, Lib 89/93/94 and lib 92-94, indicates that both con- 
tained a large number of binders. In contrast, the slow and gradual 
enrichment of the control libraries, lib 89-91 and lib 95-97, sug- 
gests that they contained fewer binders thai were slowly enriched 
during successive rounds of panning. 

Screening of dones for mesothelin 
binding. Next, we examined the binding 
properties of phage selected from each of 
the different libraries. For each library we 
screened 23 dones by ELISA from the 
second and third round of the panning. 
The results of this experiment are shown 
in Figure 1. 

find 1 shows the mesothelin-binding 
activity of dones sdected after panning of 
Lib 89/93/94. As evident from Figure 1, 
all 46 dones bound to mesothelin and 
could be grouped into four types: (1) 27 
dones had very high ELISA signals 
(2.3-2,7); (2) 12 dones had high ELISA 
signals (1.75-2,2); (3) six .clones had 
' EUSA signals comparable to the parental 
SS(scFv) phage (shown by filled squares); 
and (4) one done had an EUSA signal 

lowerthmn the wild-type parental phage. ***** alter panning each of 

Pand 2 shows the mesotheUn-bindlng Figure 1. MewrthaBn binding "^^M*^^ Iri 
actrrityofphagedor^ from the Ub8^ ^££^^3^ 
91. Of the 46 clones tested, 39 bound iSr?2OT 
mesothdin. None had EUSA signal u^^ofmV^ 

greater than the psrental done. Twenty- r^ntoflcatta the tatranuolaotl* hot apot. and the oval oft** tooToata* AOY typo of hot spot, 
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IWelve phage preperations from each library 
were titrated and their numbers, as determined by 
colony forming units, were found to vary by leas 
man twofold, indicating differences in ELISA sig- 
nals were not due to difference* in the number of 
input phage (data not shown). Additionally, no 
binding to bovine serum albumin was detected 
for phage particles from any of the clones (data 
not shown). These results indicate that: (1) the 
screening assay employed was dependable for 
identifying clones that made phage with better 
binding to mesothetin, and (2) targeting random 
mutations to rationally selected hot spots leads to 
isolation of better binders more easily than by 
random mutation of every oodon of the GDRs» 

Diversity of clones. Twenty-four ELlSA-posi- 
tive clones were sequenced from each library. The 
results are shown in Figure 2. 

From Lib 89/93/94, four different sequences 
were obtained. All of the clones had preserved the 
parental residue, gtatamlne, at position 89. The 
residues at position 93 and 94 varied. The most 
abundant clone had G93K-Y94H mutations. The 
same done also had the highest ELISA signal and 
was named SSI. 

From Lib 89-91, all 24 clones sequenced had 
ELISA signals similar to wild-type SS(scPv), and 
all 24 had wild-type residues. 

From Lib 92-94, seven different amino acid 
sequences were obtained (Fig. 2). The most abun- 
dant clones were D8 (S92G-G93F-Y94**) and CIO 
(S92G-G93S-Y94H). From this library we 
obtained two clones (£9 and E2) with identical 
amino acid sequence to SSI and D7 from Lib 
89/93/94. D8, C10, and SSI are the clones with the 
highest ELISA signals. 

From lib 95-97, 24 clones with ELISA signals 
similar to or greater than SS(scFv) were 
sequenced. Seventeen clones had the L96T muta- 
tion. The other seven clones had the wild-type 
amino adds. We call the L96T mutant £4(scPv). 

In every case, the entire scFv coding region 
was sequenced to ensure that no other mutations 
had occurred. In terms of protein sequence, 10 
. different types of mutants were obtained. Many of 
these were encoded by several different nucleotide 
sequences. Nine of these 10 mutants were 
obtained from libraries in which mutations were 
targeted to rationally selected hot spots (Lab 
89/93/94 and lib 92-94). Thus, the presence of 
several clones with binding activity from these 
libraries agrees with the rapid enrichment pattern, seen for these 
libraries. In contrast Lib 89-91, which has conserved|re8khies in hot 
spots, rMed to yield any binder other than the parental done and Lib 
95-97 in which mutations were targeted to non-hot spot regions 
yielded a single variant. The rarity of binders in these libraries also 
agree with their slow and gradual enrichment pattern. 

Construction and purification of imrmmotoxjns. Our laborato- 
ry is focused on the construction of {mmunounriris rbi crncrr thera- 
py. In these molecules, the scFvs directed against a cancer ceil surface 
antigen are fused in frame with a truncated mutant of Pseudonwnas 
exotoxin A called FE38. The antigen-binding properties of the 
irnmunotnzms are determined by the scFv, and the PE38 performs 
an effector function that kills the cell to which the scFv binds. 
Therefore, by making and purifying immimotoxins containing the 
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mutant Pre, we can determine the antigen-binding kinetics of the 
scPv and also study its cytotoxic activity in cell culture Based on a 
more detailed EL1SA with purified phage preparations of the differ- 
. ent done* (data not shown), we selected four scFvs to construct and 
purify immunotoxins. Among these four, SSI, D8, and CIO repre- 
sent the best dones obtained from libraries In which rationally 
selected hot spots were randomized, and £4 represents the only 
done that had better binding than the parental SS(scFv) obtained 
from control libraries. The immunotoxins were purified to over 95% 
homogeneity and ehited as a monomer in TSK gel filtration chro- 
matography (result not shown). These purified immunotoxins were 
used to determine the affinities of the scFvs and also to study their 
cell killing activities. 

Binding characteristics of the immunotoxins. The binding 
characteristics of the scPvs selected by panning the phage libraries 
were determined using the corresponding purified immunotoxins 
for surface plasmon resonance studies. Figure 3 shows representa- 
tive sensorgrams of the binding of immunotoxins to imesothelln 
end lists the values for the ko„ kt&and Kr> It is apparent that all the 
mutants (SSI, P8, CIO, and £4) had better binding to mesothetin 
than the parental SS(scPv)-PE38. The on rates of SSI and CIO were 
about 13-fold higher while those of D$ and E4 were about the 
same as the parental SS(scFv). The off rates of SSI, D8» CI 0, and E4 
were decreased by 10-, 37-, 35-. and 3.8-fold, respectively, com- 
pared with the parental SS(scFv). Similar to what others have 
reported, the increased binding of the mutants observed in the pre- 
sent study was due mainly to a decrease in their off rates* 3 * 21 . 
These data show that SSI, D8, and C10, which are derived from 
libraries in which rationally selected hot spots were mutated, 
showed a 15% 37% and 53-fold increase in affinity, respectively, 
over the parental Pv, whereas E4» which is the only mutant isolated 
from control libraries, showed a modest 3.7-fold increase in affini- 
ty over the parental SS(scFv). 

Cytotoxic activity of the immunotoxins. For evaluating the use- 
fulness of the higher-affinity scPvs as targeting agents in cancer ther- 
apy we determined the cytotoxicity of the immunotoxins made with 
the different scFvs. Table 2 shows the cytotoxk activity of the various 
' irnmurJotoxins on antigen-positive A 1 84 7 and antigen-negative 
HUT 102 cell lines. On A1847 cells, SSI, D8, and C10 scFv-PE38 
were over 10-fold more active than the wild-type SS(scPv) immuno- 
tnrin, while E4(scFv)-PE38 was only about twofold more active. 
Cytotoxicity on HUT 102 (antigen-negative cells) was not evident 
Thus, tike increase in affinity obtained by targeting mutations to 
rationally selected hot spots resulted in a large increase in cytotoxk 
activity. However, the increase in cytotoxicity was not proportional- 
ly related to the increase in affinity. For example, the ICg ofSSl(Pv)- 
PB38 and C10(Fv)-PE38 were very similar* whereas their affinities 
differed by about threefold. This difference could be due to the fact 
that the affinities were measured using recombinant protein made in 
Escherichia coli, whereas the cytotoxicity was measured on an ovari- 
an cancer cell line expressing the antigen. 

This strategy has been applied in our laboratory to another anti- 
body that binds to a mutant form of epidermal growth factor recep- 
tor. It has been possible to isolate mutants with higher affinities in 
this study also (data not shown). These results strongly indicate that 
it should be easier to select better binding phage from small libraries 
made by targeting mutations to rationally selected hot spots than by 
the other currently used methods. In the current study, we had 
selected four positions for randomization, and three of them were 
found to be useful. The improvements obtained by our approach are 
comparable to those attained from the large phage libraries 
descr&ed in the literature 1 wa . We suggest that by mimicking the nat- 
ural somatic hypermotatloo process, one can readily obtain recom- 
binant antibodies with increased affinity for antigen either from 
immunized or nonimmunized libraries. 
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Experimental protocol 

Construction of libraries, Phagemid pPSC 7-1 is a phage antibody disphy 
vector coding for the inesotheun-binding SS(scrV) (ret 32). Anatyik of the 
nucleotide sequence of SS(*cFv) revealed 32 hot spots, ofwhkh three were 
selected for targeting mutations. These three are located intheCDRj of the 
VL encoding residues 89, 90, 92, 93, and W. 6mgle**tranded uracil containing 
DNAofpPSC 7-1 was prepared as described 39 . A stop codon end a diagnostic 
Hpal restriction she was Introduced into the GDR3 of the VL by KunfceTs 
mutagenesis* to produce the phagemid pPSC 7-1-94. The stop codon was 
introduced to prevent overreprcseittauon of the wild-type sequence in the 
Kbrary as this mutagenesis approach gives a background of 10-12%. Uracil 
containing »DNA of pPSC 7-1-94 was used as a template to construct two 
experimental and two control libraries using degenerate ollgonudeoodes. 
Oligonucleotide SS VL 89/93/94 5'-GGACCGAACGTGAGAG(^NNSNhf- 
AClXX^CTXJSNNGCAGTAAIAAGTTGC-3' was used for making Horary 
Ub 89/93/94. This oligonuckotidc randomizes codons 69, 93, and 94 of the 
VL in SS(scFv) for all 20 different amino adds. As with all the other libraries 
described beta* this oligonucleotide replaces the stop codon at position 94 
with that of a tyrosine and does not create ochre and opal stop codona. The 
second library, Lib 92-94, was made using ottgonudeotlde SS VL Mut 92-94, 

3*, which randomizes residues 92-94. Besidues 92-94 are encoded by two dtf. 
ferent hot spots placed side by side. The nurd and fourth libraries were made 
as controls. The third library Lib 89-91, wasznadewimnSeou>omtdeotid«SS 
VL Mut 89-91, S'-GCACXXJAACGTGAGAGGGTAACCACT- 
SNNSNNSNNGCAGTAAIAAGTTGC-3', which iwtcbinxce* residues 89-91. 
Residue 90 is a conserved residue in a hot spot Rcsidm 91 nuls outside of the 
hot spot The fourth library; Ub 95-97, was inade with the oligcwdeotiocSS 
VL Mut 95-97 5'^mTGTCCCAGCACCGAASNHS^SmGTAAC- 
CACTCCACTGCTGCC-r. It nuidonuzes residues 9S-97, all of which rafl 
outside the hot spots. 

Panning of the libraries and amdymli of selected phage dones. Plowing of 
the libraries was done as described 12 . For each library* 23 clones after die sec- 
ond round and 23 dones after the third round of peiuiuig were analyzed by 
ELISA formesothdin binding as fellows. Single colonies were maculated into 
123 td of 2 x YT medium containing 100 ng/ml ampicfflui and 2% ghtoose 
present in 96 wells of a microliter plate. The plates were incubated at 
37*0200 tpjn. tn a binnidiBed incubator for 33 h. Subsequently, 23 td of 
culture from each weu of these plates (master plates) were transferred to cor- 
responding wells of another mkrotiter plate containing 125 ul of 2tfYT medi- 
um wirfi 100 |tgftn) ampidflin, 2% ghicose, and about 4 x 1C^ pita/ml of 
M13K07. This plate (phage plate) was then incubated for 2 h under the same 
conditions as described before. The r^ge f4ate was eentrlftiged at 2^)00 
tjpjxl. for 5 mln at room temperature The supernatant from each well was 
removed by gently shaking the r4ate m an urterted podtwo. Tte 
each well was resuspendedin 200 ul of 2xYT medium remaining 100 ui/m) 
smpkiliin and 50 Ug/mJ karuuir/cuL Tht pkte was then Incubated overnight 
as described before. After 14-16 h, the phage pbte was cooled over ice and 
then centrifaged at 3,000 cpjn. for 5 oiin at 4*C The supernatant was used 
for phage ELISA and phage titration. 

Construction of plaarnfila far npiggrfnn and firtfWJoa a/fawmnilffKT- 

Ins. Phagemids pPSC 7-1-1, 7-1-2, 7-1-3, and 7-1-4 codes for SS(acPv) with 
the following mutations, respectively, in the VL: G93K-Y94H, S92G *G?3F - 
Y94N| S92G-G93S-Y94H, and L96T. The scFvs from these phagemid vectors 
were PCR amplified using primer pairs New G2 Ndd and New G2 HindM*. 
After purification, the PCR products were dotted into an E, coK expression 
vector as described 57 . The resulting ptasmld*, pPSC 7-2- 1 , pPSC 7-2-2, pPSC 
7-2-3, and pPSC 7-2-4. respecthery, had the scPvs rased tn frame with a 38 
kDa fragment of Pstutbmonas exotoxin containing domains II and HL 
Recombinant proteins were produced from induston bodies as described 

i — f r > 

netore. 

Surface plasmon resonance assay. The aifijUty of tbesci^s was determined 
by studying the binding kinetics of the purified inuminotoxlns to mesothelin 
by the surface plasmon resonance (BlAcore) technique. In separate experi- 
ments, different amounts (200-1,000 resonance units) of recombinant 
mesothdln were immobilized onto a BlAcore sensor chir^CM5. Then each of 
me immunotoxins at a concentration of 380 nM was passed over the immo- 
bilized meaotheun. kg. was determined from a plot of (In (dR/dt)/t) versus 
concentration, where R is response and t is time. Kb was calculated daring 
the first 1-2 rain of the dissociation phase of the sensorgrams. These associa- 
tion and dissociation rates were measured under a continuous flow rate of 10 
uVmin. Kp was calculated by dividing by k^. 
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Cytotoxicity assays. Cytotoxic activity of the immunotaxins wai deter- 
mined ts described* by inhibition of protein synthesis in mesothel in-positive 
human ovarian carcinoma tine A 1847 and mesotheltn-negativc T-cell 
leukemia line HUT 102. The I Cm is the amount of imraunotoxin required to 
Inhibit protein synthesis by 50%. 
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